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It is generally accepted that the intracellular degradation of a protein is a composite process that involves several proteinases. It follows that the cell must contain peptides that represent the intermediates produced by one proteinase that in turn are the substrates for further proteolytic attack. Such intermediates have rarely been observed, although studies to identify them specifically are limited (eg. Ruppen & Switzer, 1983 ; Smits et al., 1984) . Teleologically, one can argue a case for the rapid removal of intermediates that represent functionally inactivated proteins; implicit in this argument is the definition of the early events in protein degradation as rate limiting.
The importance of such intermediates in the definition of the route of catabolism of a protein is clear, but several factors militate against their identification. First, the initiation of degradation could potentiate the proteolytic susceptibility of the products in such a fashion as to direct the intermediates via several different routes, in which the rates of hydrolysis of many peptide bonds are similar. Such behaviour would increase the number of discrete intermediate forms that ensue. Secondly, degradation is associated with the loss of tangible properties such as biological activity or immunological reactivity and, thus, identification of such intermediates poses problems of detection. Finally, it is likely that such intermediates are present in the cell in low concentrations and therefore sensitive methods for detection would be needed.
We have recently presented a case for selective labelling protocols in the study of degradation of particular enzymes and have made specific reference to the use of the cofactor, pyridoxal phosphate, as a specific label for degradation fragments of glycogen phosphorylase (Beynon et al., 1985) . Pyridoxal phosphate appears to function as a turnover label for this enzyme (Butler & Beynon, 1984 A sample of supernatant was prepared as described in the text and fractionated on a column of TSK 3000. Fractions were assayed for pyridoxal phosphate (PLP) by the fluorimetric and immunological methods. In the first case, the portion of each fraction taken for assay was 2 0 0~1 ; in the second case the volume equivalent was 2.5 p1. Additionally, the elution positions were determined for phosphorylase and free pyridoxal phosphate (PLP); these are indicated on the elution profile but have not been plotted in order to simplify the graph.
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We have now studied the suitability of the cofactor as a marker for degradation fragments produced in vitro as an important preliminary to similar studies in vivo.
We have compared two methods that have been used for the determination of phosphorylase-bound pyridoxal phosphate. The first is based upon the measurement of a highly fluorescent derivative that is produced when pyridoxal phosphate reacts with cyanide at neutral pH (Bonavita, 1960; Grigor et al., 1972) . The second method uses a monoclonal antibody to pyridoxal phosphate (VicepsMadore et al., 1983) . A 5 vol. homogenate of mouse skeletal muscle was centrifuged at lOOOOOg for 1 h and a portion (1 .O ml) of the supernatant was filtered and applied to a 21.5 mm x 300 mm TSK 3000gel-permeation column (Fig. 1 ). Fractions were collected and a 2001.11 sample was taken for fluorimetric determination of pyridoxal phosphate. Similarly, a second portion of the supernatant was treated with sodium borohydride before the protein was spotted on to a sheet of nitrocellulose before immunochemical detection of the cofactor using the monoclonal antibody. Finally, phosphorylase activity was localized by assay of enzyme activity (Carney et al., 1978) . It is apparent that virtually all of the pyridoxal phosphate in skeletal muscle is bound to phosphorylase, as detected by either method. Further, the immunoblot determination is of much higher sensitivity than the fluorescent assay.
The relative merits of the two methods are summarized below. The fluorescent assay has the advantage of being reactive with free pyridoxal phosphate and, indeed, measurement of protein-bound cofactor requires acid precipitation to dissociate the cofactor form the enzyme. The assay does not detect cofactor that has been fixed to the enzyme by reduction of the Schiff base. The monoclonal antibody is best employed in techniques that rely upon blotting of material on to nitrocellulose, using a peroxidase-labelled second antibody to detect the cofactor. Such methods are more sensitive but require further work to make them quantitative. However, free pyridoxal phosphate does not bind to nitrocellulose and the assay is therefore unsuitable for free cofactor. We have found it necessary to fix the cofactor to the protein by reduction with sodium borohydride before blotting. Under these conditions, the semiquantitative immunoassay is at least two orders of magnitude more sensitive than the fluorescent assay. Finally, the sizes of the pyridoxal posphate binding proteins can be assessed readily by means of sodium dodecyl sulphate/polyacrylamide-gel electrophoresis followed by 'Western blotting'. We are hopeful that the monoclonal antibody will provide the sensitivity that we anticipate will be needed for the detection of intermediates. Breakdown of connective tissue is an important feature in normal growth, wound healing and such diseases as arthritis. Among the enzymes involved in this process are the lysosomal cysteine proteinases (Etherington, 1980) . Cathepsins B and L are apparently ubiquitous and have been well characterized, partly due to their ability to cleave readily synthetic substrates (Barrett & Kirschke, 1981) . Cathepsin N has been isolated from bovine spleen and human placenta (Etherington, 1980) and cathepsin S from bovine spleen (LoEnikar et al., 1981) , but these have attracted less attention due mainly to a lack of suitable, synthetic substrates and it has remained unclear whether these two cathepsins are merely tissue variants of cathepsin L or are distinct enzymes (Kirschke et al., 1984) . In pursuing our studies of connective tissue catabolism we wish to determine how the different collagen-degrading cathepsins, B, L, N and S, may interact at resorbing sites.
In the present study we have shown that all four enzymes can be identified in a single tissue and from their respective enzymic and physicochemical properties appear to be separate and definable cysteine proteinases.
Cathepsins B, L, N and S were purified as follows: rabbit spleens (stored at -20°C) were partially thawed, minced and then homogenized in 2 vol. of 50 mM -sodium acetate Abbreviation: IEF, isoelectric focusing.
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buffer, pH 5.0, containing 1 mM-EDTA and 0.2% (v/v) Triton X-100. The tissue was extracted for 2 h at 4°C and then centrifuged. The supernatant was adjusted to pH 4.2 with HCl and the precipitated protein removed by centrifugation. A 20-65% satd. ammonium sulphate fraction was taken and the pellet resuspended in 0.09 M-sodium citrate buffer/l mM-EDTA, pH 5.3, and dialysed overnight at 4°C against this buffer. This sample was applied to an Amberlite IRC-50 column. Cathepsin B was unadsorbed while cathepsins L and N were weakly bound and eluted with extended washing. Cathepsin S bound tightly and was eluted in 0.15 M-sodium phosphate buffer/l mM-EDTA, pH 6.2. The respective enzyme pools were concentrated and chromatographed on Sephadex G-75 and organomercurial Sepharose. The desalted samples were then separated by fast protein liquid chromatography using both Mono Q and Mono S columns. At pH 5.7 cathepsins B and L bound to Mono Q whereas cathepsins S and N were unadsorbed. On Mono S at pH 5.0 the order of elution was cathepsin B, cathepsin N, cathepsin S and finally cathepsin L. In some cases a further chromatographic step was made using preparative column isoelectric focusing (IEF) in ethylene glycol. Enzyme activity was concentrated by hydrophobic chromatography on phenyl-Sepharose and the enzymes then stored in the elution buffer of 50% (v/v) ethylene glycol/20 mM -sodium phosphate/l mM-EDTA, pH 6.0.
The activities of these four cathepsins were measured with a number of different protein and peptide substrates using established procedures (Etherington, 1980; Mason et al., 1984) . These data together with the physicochemical
